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B&P File No. 10723-26/MG 

Title: METHOD OF MODULATING TUMOR IMMUNITY 

This application claims the benefit under 35 USC §119(e) of U.S. 
5 provisional application No. 60/226,573 filed August 21, 2000. 
FIELD OF THE INVENTION 

The present invention relates to methods and compositions for 
modulating tumor immunity. 
BACKGROUND OF THE INVENTION 

10 An anti-leukemia /lymphoma effect can be achieved by infusing 

allogeneic lymphocytes from bone marrow, blood or spleen of healthy 
donors into tumour bearing recipients (Bortin et al (1989); Korngold et al. 
(1994)). The ability of infused lymphocytes to prevent leukemia relapse is 
termed graft-versus-leukemia (GVL), and is often attributed to the allogeneic 

15 portion of the infused lymphocytes. However, the infused foreign 
lymphocytes, can also respond to the major and minor histocompatibility 
(MHC and mH, respectively) antigens expressed on host cells and cause graft 
versus host disease (GVHD) which represents a major factor responsible for 
the death of recipients (Sprent et al. (1986); Ferrara et al. (1991)). In class I 

20 mismatched models, CD8 + T cells contribute significantly to GVHD (Korngold 
et al. (1985); Champlin et al. (1991)). In order to reduce the severity of GVHD, 
lymphocytes from donors that are matched for MHC antigens with the 
recipients have been used in conjunction with non-specific 
immunosuppression. Although these approaches decrease the incidence and 

25 severity of GVHD, they also reduce marrow engraftment and increase 
leukemia relapse (Korngold et al. (1994); Kolb et al. (1995); Barrett et al. 
(1996)). While multiple cell types, including CD4 + , CD8 + and NK T cells have 
been shown to play a role in GVL (Champlin (1992); Imamura et al. (1996); 
Zeis et al. (1997)); Hauch et al. (1990); van Lochem et al. (1992); Sykes et al. 

30 (1994); Palathumpat et al. (1992); Palathumpat et al. (1995)), it remains 
uncertain whether the cells that contribute to GVHD are distinct from those 
that kill tumour cells (Champlin (1992); van Lochem et al. (1992); Apperley et 
al. (1986); Prentice et al. (1984); Horowitz et al. (1990); Pan et al. (1999)). 
Consequently, a goal of bone marrow tranplantation is to identify and 
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augment those ceUs with a beneficial GVL effect that do not contribute to 
GVHD. 

Accumulating evidence indicate that T regulatory (Tr) lymphocytes 
play an important role in down-regulation of immune responses to self or 

5 allogeneic antigens (Qin et aL (1993); Groux et al. (1997); Zhang et al. (2000); 
Han et al (1996); Ierino et al. (1999); Cobbold et al. (1998) Bushell et al. (1999); 
Baxter et al. (1997); Lancaster et al. (1985); Chai et al. (1999); Zhai et al. (1999); 
Sakaguchi (2000); Roncarolo et al. (2000)). Whether Tr cells play a role in 
GVHD /GVL, however, remains unclear. The inventors and others have 

10 demonstrated that pre-transplantation donor-specific transfusion (DST) of 
one MHC class I or class II mismatched lymphocytes leads to permanent 
acceptance of the skin or cardiac allografts of the lymphocyte donor origin 
(Yang et al. (1999); van Twuyver et al. (1989); van Twuyver et al. (1990)). 
Because all third party allografts were promptly rejected by the recipients 

15 after DST, it indicates that the tolerance induced by one MHC locus- 
mismatched lymphocytes is antigen-specific, and the recipients retained their 
immune responses to other alloantigens. Furthermore, from the recipients 
who have received DST and permanently accepted donor skin allografts, the 
inventors have recently identified a novel CD4"CD8" double negative (DN) Tr 

20 cells which differs from any previously reported Tr cells in terms of their 
surface marker expression, cytokine profile and mechanism of suppression 
(Zhang et al. (2000)). The inventors also demonstrated that the DN Tr cells 
are able to kill activated CD8 + T cells that carry the same TCR specificity 
(Zhang etal. (2000)). 

25 There is a need in the art to identify cells involved in tumor immunity 

that are useful in developing anti-cancer therapies. 
SUMMARY OF THE INVENTION 

The inventors have demonstrated that anti-lymphoma effects can be 
achieved in the absence of GVHD by a single injection of either viable 

30 allogeneic splenocytes or double negative regulatory T cells (DN Tr cells), 
which differ in one MHC class I locus with recipients. Tolerance of the host is 
permanent and does not need any non-specific toxic immunosuppressive 
drugs. Furthermore, the inventors demonstrated that DN Tr cells are able to 
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function as a double-edged sword to kill both syngeneic anti-host CD8 + T cells 
and allogeneic lymphoma cells. These findings reveal for the first time the 
dual role of Tr cells both in inhibiting GVHD and blocking the development 
of leukemia. They also provide a novel concept for the treatment of 
5 lymphoma /leukemia by allogeneic lymphocytes. 

The novel double negative regulatory T-cells isolated by the inventors 
are CD3 + aP-TcR + CD4^D8rD44-CD28NKl.l\ The cells do not express IL-2, 
IL-4, IL-10 and IL-13 but do express IFN-y, TNF-a and TGF-f3 mRNA after 
activation. Treatment of the regulatory T-cells with IL -10, cyclosporin A or 

10 anti-IFN-y antibodies abrogates suppression by the cells. 

Accordingly, the present invention provides the use of the novel 
regulatory cells to modulate tumor immunity or graft versus host disease 
(GVHD). Accordingly, the present invention provides a method of inhibiting 
tumor cell growth or proliferation comprising administering an effective 

15 amount of (i) a regulatory T-cell having the phenotype CD3 + aP-TcR + CD4" 
CD8 CD44 CD28 NK1.1", or (ii) an agent that can induce or activate the 
regulatory T-cell to an animal in need of such treatment. 

In one embodiment, the present invention provides a method of 
preventing or treating cancer comprising administering an effective amount 

20 of a regulatory T cell having the phenotype CD3 + a|3-TcR + CD4-CD8-CD44- 
CD28 NK1.1" to an animal in need of such treatment. 

The present inventors have also found that the proteins Ly6A and 
osteopontin are expressed on the above described regulatory T-cells but not 
on non-regulatory cells. Further, they have also shown that blocking Ly6A 

25 or osteopontin abolishes the effect of these cells. 

Accordingly, the present invention provides a method of inhibiting 
tumor cell growth comprising administering an effective amount of an Ly6A 
protein, a nucleic acid sequence encoding an Ly6A protein, osteopontin or a 
nucleic acid sequence encoding osteopontin to an animal in need of such 

30 treatment. 

The invention also includes pharmaceutical compositions containing 
the DN regulatory cells, agents that induce or activate the regulatory cells, 
antibodies to the novel cells, Ly6A proteins, nucleic acids encoding Ly6A 



protein, osteopontin or a nucleic acid sequence encoding osteopontin for use 
in modulating tumor immunity or graft versus host disease. 

Other features and advantages of the present invention will become 
apparent from the following detailed description. It should be understood, 
5 however, that the detailed description and the specific examples while 
indicating preferred embodiments of the invention are given by way of 
illustration only, since various changes and modifications within the spirit and 
scope of the invention will become apparent to those skilled in the art from 
this detailed description. 
10 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in relation to the drawings in 

which: 

Figure 1: (a) Absence of GVHD after reconstitution with L d - 
mismatched splenocytes. Scid F1 mice were sublethally irradiated with 2 Gy of 

15 irradiation. The next day mice were injected with 3xl0 7 spleen cells from 
either L d mismatched 2C F1 (n=42) mice, or fully allogeneic lymphocytes from 
B6 (n=5) mice. Survival of the recipients was monitored for more than 150 
days, and the body weights of mice reconstituted with 2C F1 lymphocytes was 
measured weekly for 125 days (insert), (b) Leukemia and GVHD-free 

20 survival of recipient mice after being challenged with A20 lymphoma. 
Scid F1 mice were either injected intravenously with a lethal dose of A20 
tumour cells (10 5 cells/mouse) alone (untreated, ^ , n=ll) or together with 
3xl0 7 2C F1 spleen cells (treated, ■ , n=12). Survival of the recipient mice was 
monitored for over 150 days. 

25 Figure 2: No histological signs of leukemia or GVHD following 

challenge with L d+ allogeneic splenocytes and a lethal dose of A20 
lymphoma, i. Gross picture of two mouse livers: Scid F1 mice were injected 
with 10 5 A20 B lymphoma cells. Four weeks after tumour inoculation, the 
livers were harvested (left panel). The liver is greatly enlarged, has a bulging 

30 surface and rounded edges. This liver is diffusely infiltrated by tumour cells as 
shown in ii. The liver on the right panel is from another Scid F1 mouse that 
received the same number of A20 cells plus 3xl0 7 2C F1 splenocytes. It is 
normal in size, shape and color, ii. and Hi. Histopathology of livers of Scid F1 



mice (Hematoxylin and eosin stain x300). Scid F1 mice were injected with 10 5 
A20 B lymphoma cells. Four weeks after tumour inoculation, livers was 
harvested (see panel i, left). There is very diffuse infiltration by large 
malignant tumour cells which completely replaces the normal liver 
5 architecture. Most of the tumour cells are mononuclear, pleomorphic and had 
irregular hyperchromatic nuclei. Many of the smaller irregular cells present 
are undergoing necrosis, mitoses and atypical mitoses are frequent. 
Occasional tumour giant cells are present. The overall appearance is typical of 
large cell lymphoma (ii). Scid F1 mice were intravenously injected with 10 s A20 
10 cells plus 3xl0 7 2C F1 splenocytes (liver shown in right panel of i). The liver 
histology is near normal. The hepatocytes, liver cell cords, portal and venous 
structures are all normal. There is a slight increase in sinusoidal cells most of 
which are small lymphocytes. There is no evidence of afypia and no 
malignant cells (iii). 

15 Figure 3: (a) Indefinite survival of normal mice reconstituted with L d - 

mismatched splenocytes. (B6xBALB/c) F1 mice were lethally irradiated (8.5 Gy) 
with no further treatment (▼, n=5), or reconstituted with 40xl0 6 L d 
mismatched (B6xdm2) F1 lymphocytes (♦, n=13). Additionally, (B6xBALB/c) F1 
mice were either given a lethal dose (10 5 cells) of A20 lymphoma alone (■, 

20 n=8), or lethally irradiated and reconstituted with 40x1 0 6 L d mismatched 
(B6xdm2) F1 mouse lymphocytes together with a lethal dose of A20 
lymphoma (^, n=8). Survival and signs of GVHD and tumour were 
monitored for more than 150 days, (b) No histological signs of GVHD in 
non-transgenic mice reconstituted with L d -mismatched splenocytes. 

25 (Hematoxylin and Eosin stain x300). (B6xBALB/c) F1 mice were lethally 
irradiated (8.5 Gy) and reconstituted with 3x1 0 7 splenocytes either from B6 
(semi-allogeneic, top panel), (B6xdm2) F1 (L d -mismatched non-transgenic, 
middle panel) or 2C F1 (L d -mismatched transgenic, bottom panel). Liver 
histology is shown at 100 days after infusion of allogeneic cells. The top panel 

30 shows infiltrating mononuclear cells, proliferation in bile ducts, and abnormal 
portal and venous structure, a typical lesion of chronic graft versus host 
disease in the liver. The middle and bottom panel show that the liver 
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histology is normal. The hepatocytes, liver cell cords, portal and venous 
structures are normal. There is no evidence of graft versus host disease. 

Figure 4: Expansion of DN T cells and elimination of anti-host CD8 + 
T cells following infusion of L d -mismatched 2C F1 cells. Scid F1 mice were 
5 injected with either 3xl0 7 spleen cells from 2C F1 mice alone (a) or in 
combination with 10 5 A20 lymphoma cells (b) as described earlier. Mice were 
sacrificed at various time points as indicated, and the total number of 
lymphocytes in the spleen was counted. The spleen cells were simultaneously 
stained with 1B2-FITC and CD8-PE and analyzed by FACS. Data shown is 

10 total number of splenic 1B2 + CD8 + (■) and 1B2+CD8- (^) cells calculated by 
multiplying the percent positive cells by the total number of spleen cells, (c) 
DN T cells from mice reconstituted with L d -mismatched normal spleen cells 
suppress proliferation of naive anti-host CD8 + T cells. (B6xBALB/c) F1 mice 
were lethally irradiated (8.5 Gy) and reconstituted with 40xl0 6 (B6xdm2) F1 

15 splenocytes. Recipient mice were monitored for signs of GVHD for 30 weeks, 
and CD3 + CD4"CD8" T cells were then purified from the spleens of recipient 
mice using FACS. Varying numbers (as indicated) of DN T cells were 
incubated together with 1000 1B2 + CD8 + responder T cells or alone. The 
proliferation of DN T cells alone or the DN/CD8+ cultures was measured by 

20 [ 3 H]-TdR incorporation after 4 days of culture. The results show the 
proliferation of DN/CD8 + cells minus background proliferation of DN T cells 
alone. 

Figure 5: DN T cell mediated cytotoxicity to anti-host 1B2 + CD8 + T 
cells and A20 lymphoma cells, (a) Anti-L d DN T cell clones were stimulated 

25 as described previously (Zhang et al. (2000), and then added at various ratios 
(as indicated) to 96 well plates. In vitro activated anti-L d 1B2 + CD8 + T cells ( ■ ) 
and anti-HY T370 + CD8 + T ceUs (^) were labeled with lOuCi 3 H-TdR 
overnight, and used as targets (10,000 cells/ well). Cells were harvested after 
18 hours, and specific killing of target cells was determined. Results are 

30 representative of 3 independent experiments, (b) DN T cells kill A20 
tumour cells in vitro. DN T line (CN04) was used as effector cells, and A20 
( ■ , L d+ ) and control BW5147 ( ^ , L d ) tumour cells were labeled with [ 3 H]-TdR 



and used as targets. Specific killing of target cells was determined. Results are 
representative of 2 independent experiments. 

Figure 6: DN T cells suppress growth of A20 tumour cells in vivo, (a) 
1B2 + DN Tr cell clones (L12.2 and CN04) were grown and purified in vitro. 
5 (B6xBALB/c) mice were injected i.v. with either a lethal dose of A20 cells alone 
(▼) or together with 5xl0 6 of either L12.2(«) or CN04 (^) DN Tr T cell 
clones. Survival and clinical signs of GVHD was monitored for more than 150 
days, (b) Absence of pathohistologic signs of tumour or GVHD after co- 
injection of A20 tumour cells with DN T cells. (B6xBALB/c) mice were 

10 challenged with a lethal dose of A20 tumour alone or together with DN T cells 
as described in (a). Mice were sacrificed after 30 or 100 days and the major 
organs were examined for evidence of tumour infiltrates. Mice injected with 
A20 alone (top panel) showed dense tumour infiltrates which completely 
replaced the normal liver structure. Mice that were co-injected with DN T 

15 cells had normal liver structure with no infiltrating tumour cells or signs of 
GVHD. Data shown is for 30 days (top panel) and 100 days (bottom panel). 

Figure 7. Schematic model of DN T cell-mediated anti-GVHD and 
leukemia 

DETAILED DESCRIPTION OF THE INVENTION 

20 The inventors have show that reconstitution of immunodeficient mice 

with spleen cells from one MHC class I L d mismatched donors leads to an 
indefinite survival of all the recipients free of GVHD and tumour after being 
challenged with a lethal dose of lymphoma. To study the mechanisms 
involved in this phenomenon, the fate of infused donor cells in vivo was 

25 monitored. The number of anti-host CD8 + cells was initially augmented, but 
quickly diminished and remained very low throughout the rest of the 
experimental period. Interestingly, a marked (>30 fold) increase of DN Tr cells 
in the periphery of recipient mice was observed, which remained elevated 
throughout the experimental period. Moreover, the DN Tr cells isolated from 

30 reconstituted mice could suppress the proliferation of anti-host T cells, and the 
DN Tr cell lines generated in vitro could specifically kill activated anti-host 
CD8 + T cells. These findings suggest that DN Tr cells may prevent GVHD by 
directly killing anti-host CD8 + T cells in vivo. Furthermore, the inventors 
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demonstrated that DN Tr were cytotoxic to lymphoma cells in vitro. When 
co-injected with a lethal dose of lymphoma into nai've mice, the DN Tr cells 
were capable of preventing leukemia onset in all recipients. In conclusion, the 
infusion of one class I MHC locus mismatched splenocytes together with a 
5 lethal dose of lymphoma cells does not cause GVHD or leukemia, but results 
in an expansion of DN Tr cells in the periphery of the recipients. These DN Tr 
cells are cytotoxic to both anti-host CD8 + T cells and leukemia cells, indicating 
a dual role for DN Tr cells in the prevention of both GVHD and leukemia. 

The DN regulatory T-cells of the invention are distinguished from 

10 previously described regulatory cells as they possess a unique phenotype and 
express a unique array of cytokines. In particular, the novel cells are CD3 + oc{3- 
TCR + CD4CD8CD25 + CD28-CD30 + CD44NK1.1-. These cell surface markers 
distinguish the cells from any previously described T-cell subset such as 
activated helper, cytotoxic or memory T-cells. The novel regulatory cells are 

15 also distinguished from bone marrow derived CD4 CD8" T-cells which express 
NK1.1 and from CD4 CD8" T-cells described by others. The novel regulatory 
cells do not express IL-2, IL-4, IL-10 and IL-13 but do express IFN-y and TGF-f5 
mRNA after activation which distinguish them from Thl, Th2 or Th3/Trl cells. 
The regulatory cells having the phenotype CD3 + cc|3-TcR + CD4"CD8~ 

20 CD44 CD28 NK1.1" are sometimes referred to herein as "the regulatory cells 
of the invention", "the DN regulatory T cells" or "the DN Tr cells". 
I. Methods of Inhibiting Tumor Cell Growth/Treating Cancer 

Accordingly, the present invention provides a method of inhibiting 
tumor cell growth or proliferation comprising administering an effective 

25 amount of (i) a regulatory T-cell having the phenotype CD3 + oc3-TcR + CD4" 
CD8 CD44CD28 NK1.1, or (ii) an agent that can induce or activate the 
regulatory T-cell to an animal in need of such treatment. The present 
invention also includes a use of (i) a regulatory T-cell having the phenotype 
CD3 + ap-TcR + CD4-CD8CD44-CD28 NKl.l- / or (ii) an agent that can induce or 

30 activate the regulatory T-cell to prepare a medicament to inhibit tumor cell 
growth or proliferation. The invention further includes a use of (i) a 
regulatory T-cell having the phenotype CD3 + ap-TcR + CD4 CD8"CD44"CD28" 



-9- 

NK1.1", or (ii) an agent that can induce or activate the regulatory T-cell to 
inhibit rumor cell growth or proliferation, 
(i) Administering DN Tr Cells 

In one embodiment, the method involves administering DN Tr cells 
5 that are generated in vitro. The cells may be isolated from normal animals, 
for example by labelling T-cells and sorting for cells containing the desired 
phenotype using a FACS sorter. The inventors have demonstrated that the 
novel regulatory cells require IL-2, IL-4 to proliferate and to suppress. The 
inventors have further developed methods to activate and expand antigen- 

10 specific regulatory T cells in vitro by stimulating the novel regulatory T cells 
with one class I mismatched allogeneic lymphocytes in the presence of IL-2 
and IL-4. Accordingly, IL-2 and IL-4 can be used to increase the number and 
improve the function of the novel regulatory cells. The regulatory cells of the 
invention can be activated and expanded in vitro by stimulating the cells with 

15 antigens in forms such as purified peptides, soluble proteins, plasmid 
expressing cDNA encoding specific antigens, cell lines expressing specific 
antigens (EBV transformed cell lines, dendritic cells, fibroblasts transfected 
with specific antigens such as foreign MHC molecules), tumor antigens and 
molecules that cause autoimmune diseases and allergy. 

20 The inventors have also shown that injection of the regulatory T cells 

that are generated in vitro into animals can prevent death caused by injection 
of lethal dose of tumor cells in the absence of GVHD. Accordingly, in vitro 
cultured regulatory T cells can be used in the treatment of leukemia, 
lymphomas and other malignant diseases. 

25 (ii) Administering Agents That Stimulate DN Tr Cells 

In another embodiment, the method of inhibiting tumor cell growth 
involves administering an agent that can induce or activate the DN regulatory 
T cells in vivo. Such agents include but are not limited to, cytokines, antigens, 
antibodies to the DN Tr cells that can activate the cells and one MHC Class I 

30 mismatched allogeneic lymphocytes as herein described. 

The cytokine can be any cytokine that can stimulate or activate the DN 
Tr cells such as IL-2 and IL-4 and IFN-y. 
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The antigens used to stimulate the DN Tr cells can be any antigen 
including, but not limited to, tumor antigens or allogeneic lymphocytes with 
one MHC Class I mismatch with the recipient. In particular, the inventors 
have identified the methods to increase the number of the novel regulatory T 
5 cells in immunodeficient recipients by infusion of one MHC class I locus 
mismatched lymphocytes, which lead to elimination of tumor cells in the 
absence of GVHD. Accordingly, the present invention also provides a 
method of inhibiting tumor cell growth comprising administering to an 
animal in need thereof allogeneic lymphocytes containing a mismatch at one 

10 MHC Class I locus with the animal. 

The antibodies can be any antibody that can stimulate or activate the 
DN Tr cells. The inventors have prepared monoclonal antibodies (mAbs) 
generated by immunization of animals with regulatory T cells of the 
invention. The inventors have so far generated 25 mAbs that can specifically 

15 bind to the surface of regulatory T cells some of which enhance growth of the 
regulatory T cells. 

Antibodies to the DN Tr cells may also be prepared using techniques 
known in the art such as those described by Kohler and Milstein, Nature 256, 
495 (1975) and in U.S. Patent Nos. RE 32,011; 4,902,614; 4,543,439; and 

20 4,411,993, which are incorporated herein by reference. (See also Monoclonal 
Antibodies, Hybridomas: A New Dimension in Biological Analyses, Plenum 
Press, Kennett, McKearn, and Bechtol (eds.), 1980, and Antibodies: A 
Laboratory Manual, Harlow and Lane (eds.), Cold Spring Harbor Laboratory 
Press, 1988, which are also incorporated herein by reference). Within the 

25 context of the present invention, antibodies are understood to include 
monoclonal antibodies, polyclonal antibodies, antibody fragments (e.g., Fab, 
and F(ab') 2 ) and recombinantly produced binding partners. 

Accordingly, the invention also includes the use of mAbs to the DN Tr 
cells and their therapeutic modifications in prevention and treatment of 

30 cancer. Modifications of mAbs include generation of recombinant mAbs 
fused with human immunoglobulin Fc portion, conjugate mAbs with 
enzymes, isotopes etc. 



-11 - 



The inventors have postulated novel mechanisms by which the 
regulatory T cells prevent GVHD and promote anti-tumor response. After 
bone marrow transplantation mature donor T cells (CD4 + and CD8 + ) will 
recognize alio MHC expressed on the host, be activated and express high 
level of Fas. These activated donor T cells will destroy target cells and tissues 
that express the host alloantigens and cause GVHD. The inventors have 
demonstrated that the novel regulatory T cells constitutively express a high 
level of Fas ligand. Upon encountering antigen-presenting cells (APC), the 
regulatory T cells can "steal" host alloantigens from the surface of APC 
through the anti-host TCR, and turn themselves into killer cells. Because the 
regulatory T cells express the "stolen" host alloantigens on their surface, they 
can attract the activated anti-host cytotoxic T cells. Once the anti-host 
cytotoxic T cells recognised the alloantigens on the regulatory T cells, the 
latter will send death signals through Fas ligand to the former. Unlike the 
anti-host cytotoxic T cells, which kill target cells through perforin-mediated 
pathway, the killing mediated by the regulatory T cells requires direct cell-cell 
contact and depends on Fas-FasL interaction. Most host tissues, although 
they express MHC class I molecules, do not express Fas, and will not be 
destroyed directly by the regulatory T cells. Therefore the regulatory T cell 
themselves do not cause GVHD. On the other hand, the tumor cells, such as 
B cell lymphoma, express both recipients MHC class I and Fas. The 
regulatory T cells can recognize the MHC class I expressed on tumor cells 
through their specific TCR, and send death signals to tumor cells through Fas 
ligand to cause death of tumor cells and prevent death caused by lymphoma. 

The present inventors have isolated several genes that are expressed in 
the novel regulatory cells of the invention but are not expressed in non- 
regulatory cells. In particular, the inventors have determined that Ly6A is 
expressed on the novel regulatory cells. Ly6A is a glycosyl 
phosphatidylinositol (GPI)-anchored cell surface molecule expressed on most 
peripheral lymphocytes, thymocytes and other cells. Incubating the novel 
regulatory cells with IL-10 (which converts the regulatory phenotype into a 
non-regulatory one reduces the expression of Ly6A. Further, blocking Ly6A 
expression with an antisense oligonucleotide abolishes suppression by the 
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novel regulatory cells. These results suggest that Ly6A may act to down 
regulate lymphocyte responses. Consequently, administering Ly6A may be 
used to inhibit tumor cell growth. Accordingly, the present invention 
provides a method of inhibiting tumor cell growth comprising administering 
5 an effective amount of an Ly6A protein or a nucleic acid encoding an Ly6A 
protein to an animal in need thereof. 

The term "Ly6A protein" as used herein includes the full length Ly6A 
protein as well as fragments or portions of the protein. Preferred fragments 
or portions of the protein are those that are sufficient to suppress an immune 
10 response. The Ly6A protein also includes fragments that can be used to 
prepare antibodies. 

The Ly6A protein may be prepared as a soluble fusion protein. The 
fusion protein may contain the extracellular domain of Ly6A linked to an 
immunoglobulin (Ig) Fc Region. The Ly6A fusion may be prepared using 

15 techniques known in the art. Generally, a DNA sequence encoding the 
extracellular domain of Ly6A is linked to a DNA sequence encoding the Fc of 
the Ig and expressed in an appropriate expression system where the Ly6A - 
Fclg fusion protein is produced. The Ly6A protein may be obtained from 
known sources or prepared using recombinant DNA techniques. The protein 

20 may have any of the known published sequences for Ly6A. The protein may 
also be modified to contain amino acid substitutions, insertions and/or 
deletions that do not alter the immunosuppressive properties of the protein. 
Conserved amino acid substitutions involve replacing one or more amino 
acids of the Ly6A amino acid sequence with amino acids of similar charge, 

25 size, and/or hydrophobicity characteristics. When only conserved 
substitutions are made the resulting analog should be functionally equivalent 
to the Ly6A protein. Non-conserved substitutions involve replacing one or 
more amino acids of the Ly6A amino acid sequence with one or more amino 
acids which possess dissimilar charge, size, and/or hydrophobicity 

30 characteristics. 

The Ly6A protein may be modified to make it more therapeutically 
effective or suitable. For example, the Ly6A protein may be cyclized as 
cyclization allows a peptide to assume a more favourable conformation. 
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Cyclization of the Ly6A peptides may be achieved using techniques known in 
the art. In particular, disulphide bonds may be formed between two 
appropriately spaced components having free sulfhydryl groups. The bonds 
may be formed between side chains of amino acids, non-amino acid 
5 components or a combination of the two. In addition, the Ly6A protein or 
peptides of the present invention may be converted into pharmaceutical salts 
by reacting with inorganic acids including hydrochloric acid, sulphuric acid, 
hydrobromic acid, phosphoric acid, etc., or organic acids including formic 
acid, acetic acid, propionic acid, glycolic acid, lactic acid, pyruvic acid, oxalic 
10 acid, succinic acid, malic acid, tartaric acid, citric acid, benzoic acid, salicylic 
acid, benzenesulphonic acid, and tolunesulphonic acids. 

The inventors have also demonstrated that osteopontin is highly 
expressed on regulatory but not on non-regulatory T cells and incubation of 
anti-osteopontin antibody can reverse the suppressive function of the 
15 regulatory T cells. Consequently, administering osteopontin may be used to 
inhibit tumor cell growth. According, the present invention provides a 
method of inhibiting tumor cell growth comprising administering an effective 
amount of an osteopontin or a nucleic acid encoding an osteopontin to an 
animal in need thereof. 
20 The term "osteopontin protein" as used herein includes the full length 

osteopontin protein as well as fragments or portions of the protein. 
Preferred fragments or portions of the protein are those that are sufficient to 
suppress an immune response. The osteopontin protein also includes 
fragments that can be used to prepare antibodies. 
25 The osteopontin protein may be prepared as a soluble fusion protein. 

The fusion protein may contain the extracellular domain of osteopontin 
linked to an immunoglobulin (Ig) Fc Region. Hie osteopontin fusion may be 
prepared using techniques known in the art. Generally, a DNA sequence 
encoding the extracellular domain of osteopontin is linked to a DNA sequence 
30 encoding the Fc of the Ig and expressed in an appropriate expression system 
where the osteopontin - Fclg fusion protein is produced. The osteopontin 
protein may be obtained from known sources or prepared using 
recombinant DNA techniques. The protein may have any of the known 
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published sequences for osteopontin. The protein may also be modified to 
contain amino acid substitutions, insertions and /or deletions that do not alter 
the immunosuppressive properties of the protein. Conserved amino acid 
substitutions involve replacing one or more amino acids of the osteopontin 
5 amino acid sequence with amino acids of similar charge, size, and /or 
hydrophobicity characteristics. When only conserved substitutions are made 
the resulting analog should be functionally equivalent to the osteopontin 
protein. Non-conserved substitutions involve replacing one or more amino 
acids of the osteopontin amino acid sequence with one or more amino acids 

10 which possess dissimilar charge, size, and/or hydrophobicity characteristics. 

The osteopontin protein may be modified to make it more 
therapeutically effective or suitable. For example, the osteopontin protein 
may be cyclized as cyclization allows a peptide to assume a more favourable 
conformation. Cyclization of the osteopontin peptides may be achieved 

15 using techniques known in the art. In particular, disulphide bonds may be 
formed between two appropriately spaced components having free 
sulfhydryl groups. The bonds may be formed between side chains of amino 
acids, non-amino acid components or a combination of the two. In addition, 
the osteopontin protein or peptides of the present invention may be 

20 converted into pharmaceutical salts by reacting with inorganic acids including 
hydrochloric acid, sulphuric acid, hydrobromic acid, phosphoric acid, etc., or 
organic acids including formic acid, acetic acid, propionic acid, glycolic acid, 
lactic acid, pyruvic acid, oxalic acid, succinic acid, malic acid, tartaric acid, citric 
acid, benzoic acid, salicylic acid, benzenesulphonic acid, and tolunesulphonic 

25 acids. 

Administration of an "effective amount" of the active agent (i.e., DN 
regulatory T cells, agents that induce or activate the DN regulatory cells, 
antibodies, osteopontin or Ly6A protein or a nucleic acid molecule encoding 
Ly6A or osteopontin) is defined as an amount effective, at dosages and for 
30 periods of time necessary to achieve the desired result (e.g. inhibition or 
reduction of tumor cell growth). The effective amount of the active agent 
may vary according to factors such as the disease state, age, sex, and weight 
of the animal. Dosage regima may be adjusted to provide the optimum 
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therapeutic response. For example, several divided doses may be 
administered daily or the dose may be proportionally reduced as indicated by 
the exigencies of the therapeutic situation. 

The term "animal" as used herein includes all members of the animal 
5 kingdom including humans. The animal is preferably an animal with cancer 
or predisposed to getting cancer. 

The term "inhibiting tumor cell growth" means that there is an 
inhibition or reduction in the growth, proliferation or metastasis of a tumor 
as compared to the growth observed in the absence of administering a DN Tr 

10 cell, an agent that activates a DN Tr cell, or Ly6A or osteopontin. 

The term "tumor" includes any cancer, neoplasm or malignant disease 
including both solid and non-solid cancers. The method may be used to treat 
any cancer or malignant disease including, but not limited to, leukemias, 
lymphomas (Hodgkins and non-Hodgkins), liver cancer, lung cancer, 

15 plasmacytomas, histiocytomas, melanomas, adenomas, sarcomas, carcinomas 
of solid tissues, hypoxic tumours, squamous cell carcinomas, genitourinary 
cancers such as cervical and bladder cancer, hematopoietic cancers, head and 
neck cancers, and nervous system cancers. 

Because the regulatory T cells express high level of Fas ligand and are 

20 able to recognize the host HLA alloantigens expressed on tumor cells through 
their TCR, they should be able to kill tumor cells that express both host HLA 
class I molecules and Fas as the inventors have demonstrated. In case that 
tumor cells do not express HLA class I antigen or Fas, the regulatory T cells 
will be co-injected with mature donor CD8 + T cells. As the regulatory T cells 

25 can kill CD8 + T cells that are activated by the same alloantigen, activated 
donor CD8 + T cells that can specifically recognize host antigen and cause 
GVHD will be killed by the regulatory T cells though the mechanisms the 
inventors have demonstrated. However, the donor CD8 + T cells that are 
activated by tumor antigens will not be affected by regulatory T cells. 

30 Therefore tumor cells can be eliminated by co-injected tumor-specific CD8 + T 
cells through a perforin-dependant pathway. For hematopoietic 
malignancies, the regulatory T cells will be injected intravenously, for solid 
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tumors, regulatory T cells will be injected both intravenously and at the side 
of tumor, preferably after surgical removal of the tumor. 

The present invention also provides a method of preventing or 
treating cancer comprising administering an effective amount of (i) a 
5 regulatory T-cell having the phenotype CD3 + a(3-TcR + CD4-CD8"CD44 CD28' 
NKl.l", or (ii) an agent that can induce or activate the regulatory T-cell to an 
animal in need of such treatment. In one embodiment, the regulatory T cells 
may be induced with IL-2 and IL-4 or by an antibody that stimulates the 
regulatory cells. 

10 The term "treating cancer" includes, but is not limited to, alleviation or 

amelioration of one or more symptoms or conditions of cancer, 
diminishment of extent of disease, stabilized (i.e. not worsening) state of 
disease, preventing spread of disease, delay or slowing of disease 
progression, amelioration or palliation of the disease state, remission 

15 (whether partial or total), whether detectable or undetectable and/or 
prolonging survival as compared to expected survival if not receiving 
treatment. 
II. Compositions 

The invention also includes pharmaceutical compositions containing 
20 the DN regulatory T cells, agents that induce or activate the DN Tr cells, the 
antibodies to the T cells, Ly6A or osteopontin proteins or nucleic acids for use 
in treating cancer. 

Such pharmaceutical compositions can be for intralesional, 
intravenous, topical, rectal, parenteral, local, inhalant or subcutaneous, 
25 intradermal, intramuscular, intrathecal, transperitoneal, oral, and 
intracerebral use. The composition can be in liquid, solid or semisolid form, 
for example pills, tablets, creams, gelatin capsules, capsules, suppositories, soft 
gelatin capsules, gels, membranes, tubelets, solutions or suspensions. 

The pharmaceutical compositions of the invention can be intended for 
30 administration to humans or animals. Dosages to be administered depend on 
individual needs, on the desired effect and on the chosen route of 
administration. 
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The pharmaceutical compositions can be prepared by per se known 
methods for the preparation of pharmaceutically acceptable compositions 
which can be administered to patients, and such that an effective quantity of 
the active substance is combined in a mixture with a pharmaceutically 
5 acceptable vehicle. Suitable vehicles are described, for example, in 
Remington's Pharmaceutical Sciences (Remington's Pharmaceutical Sciences, 
Mack Publishing Company, Easton, Pa., USA 1985). 

On this basis, the pharmaceutical compositions include, albeit not 
exclusively, the active compound or substance in association with one or 

10 more pharmaceutically acceptable vehicles or diluents, and contained in 
buffered solutions with a suitable pH and iso-osmotic with the physiological 
fluids. The pharmaceutical compositions may additionally contain other 
agents such as chemotherapeutic agents, immunosuppressive drugs or 
antibodies to enhance immune tolerance or immunostimulatory agents to 

15 enhance the immune response. 

In one embodiment, the pharmaceutical composition for use in 
treating cancer comprises an effective amount of an Ly6A protein or 
osteopontin in admixture with a pharmaceutically acceptable diluent or 
carrier. The Ly6A protein or osteopontin is preferably prepared as an 

20 immunoadhesion molecule in soluble form which can be administered to the 
patient. The composition preferably contains Ly6A proteins or osteopontin in 
soluble form which may be injected intravenously or perfused directly at the 
site of the tumor. 

In another embodiment, the pharmaceutical composition for use in 
25 treating cancer comprises an effective amount of a nucleic acid molecule 
encoding an Ly6A protein or osteopontin in admixture with a 
pharmaceutically acceptable diluent or carrier. 

The nucleic acid molecules of the invention encoding an Ly6A or 
osteopontin protein may be used in gene therapy to treat cancer. 
30 Recombinant molecules comprising a nucleic acid sequence encoding an Ly6A 
or osteopontin protein, or fragment thereof, may be directly introduced into 
cells or tissues in vivo using delivery vehicles such as retroviral vectors, 
adenoviral vectors and DNA virus vectors. They may also be introduced into 
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cells in vivo using physical techniques such as microinjection and 
electroporation or chemical methods such as coprecipitation and 
incorporation of DNA into liposomes. Recombinant molecules may also be 
delivered in the form of an aerosol or by lavage. The nucleic acid molecules 
5 of the invention may also be applied extracellularly such as by direct injection 
into cells. The nucleic acid molecules encoding Ly6A or osteopontin are 
preferably prepared as a fusion with a nucleic acid molecule encoding an 
immunoglobulin (Ig) Fc region. As such, the Ly6A or osteopontin protein 
will be expressed in vivo as a soluble fusion protein. 
10 The following non-limiting examples are illustrative of the present 

invention: 

EXAMPLE 

Example 1 

MATERIALS AND METHODS 

15 Mice. C57BL/6 (B6), (B6xBALB/c) F1/ and BALB/c H-2-dm2 (dm2) mice 

were purchased from Jackson Laboratories (Bar Harbor, ME). A breeding 
stock of 2C transgenic mice was kindly provided by Dr. Dennis Y. Loh (Sha et 
al. (1988)). 2C Tgmice carry functionally re-arranged TCR a- (one copy) and 
(3-chain (eight copies) transgenes from a cytotoxic T cell clone 2C which is 

20 specific for class I MHC Ag L° (Sha et al. (1988)). The specificity for L d requires 
the transgenic a and (3 chains (Sha et al. (1988); Sha et al. (1988)). The 2C 
clonotypic TCR is recognized by the mAb 1B2 (Kranz et al. (1984)). 2C 
transgenic mice were first backcrossed onto B6 mice for more than 15 
generations to obtain the transgene on a B6 background and then bred with 

25 dm2 mice (a BALB/c L d loss mutant). The trangene positive (H-2 b/d , L d ~, 1B 2+ ) 
offspring were used as lymphocyte donors. C.B-17 Scid (severe combined 
immunodeficient) mice (effectively BALB/c congenic to B6 at the IgH locus, 
H-2 d/d ) were bred with C57BL/6 Scid mice. The resulting Scid F1 mice (D b/d , 
K b/d , L d+ ) were either sublethally irradiated (2Gy) or non-irradiated and used 

30 as recipients. To study the anti-GVHD and leukemia effect of L d -mismatched 
lymphocytes in normal mice, (B6xdm2) F1 mice (H-2 b/d , L d ) were used as 
lymphocyte donors and lethally irradiated (8.5 Gy) (B6xBALB/c) F1 mice (H- 
2 b/d , L d+ ) were used as recipients. 
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Infusion of allogeneic lymphocytes and tumor cells. Single viable cell 
suspensions were prepared from the spleen and lymph nodes of donor mice 
or from in vitro cultured DN Tr cell lines and injected into sex-matched 
recipient mice via the tail vein. Each mouse received either 4x1 0 7 spleen cells 
5 or varying doses (2-5 x lOVmouse) of DN Tr cells. 

Tumor cell inoculation. To study the effect of GvL, cells of the A20 cell 
line (from ATCC), a B cell leukemia /lymphoma of BALB/c origin (Kim et al. 
(1979); Zeis et al. (1994)), was used. To determine the number of A20 tumor 
cells needed to cause lethal tumor development in naive ScidFl mice, different 
10 numbers of A20 cells (5xl0 3 , 10 4 , 5xl0 4 , 10 5 and lOVmouse) were injected i.v. 
into Scid F1 mice. The mice were observed daily for symptoms of morbidity 
and mortality. Groups of A20 cell recipient mice were killed at various time 
points after injection of leukemia cells for histologic evaluation to confirm that 
death was due to lymphoma. The inventors found that injection of 10 5 
15 cells /mouse A20 cells was required to induce death of all injected mice 
between 4-6 weeks. This dose was thus used as the optimum dose for the 
subsequent experiments. A20 tumor cells were administered either alone or 
together with allogeneic splenocytes or DN Tr cell lines. 

Evaluation of GVHD and tumor burden. To monitor signs of GVHD, the 
20 weights of each mouse were measured 3 times weekly. Other clinical signs of 
GVHD such as diarrhoea, ruffled fur, hunched posture, and scaled ears were 
also monitored. In addition, some mice were sacrificed for histologic 
evaluation of GVHD at different time points. Tissue samples were harvested 
from recipient mice before and after injection of donor cells and /or tumor 
25 cells. Tissues were fixed in 10% buffered formalin, sectioned (5 urn thick), 
stained with hematoxylin and eosin, and evaluated by light microscopy for 
GVHD and tumor infiltration. Each of the four major sites of GVHD 
involvement (hepatic parenchyma, biliary system, small intestine and colon) 
were scored on a scale of 0-10, thus giving a cumulative GVHD score ranging 
30 from 0-40. Each organ was evaluated for lymphocytic infiltration (score of 0- 
5), and evidence of parenchymal necrosis (score of 0-5) according to standard 
methods (Fowler et al. (1996)). For evaluation of tumor burden, major 
organs such as liver, spleen, lung, heart, kidney, intestine and lymph nodes 
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were examined for the presence of tumor cell infiltration. Lethality was also 
monitored daily. 

Cell Surface Marker Staining. Splenocytes from reconstituted mice were 
collected at various time points following reconstitution and triple stained 
5 with fluorescence-conjugated mAb specifically recognizing the ap-TCR (1B2, 
FITC conjugated), CD4 (PE conjugated), CD8 (Cychrome Conjugated). In 
some mice staining was also performed using mAbs that recognized CD3 
(FITC conjugated) and NK1.1 (PE conjugated). All mAbs except 1B2 were 
purchased from PharMingen. Data were acquired and analyzed on an EPICS* 

10 XL-MCL flow cytometer (COULTER CORPORATION, Miami, FL). 

Suppression assay. L d -specific CD8 + responder cells (1000/well) were 
stimulated by irradiated BALB/ c splenocytes (20 Gy). DN T cells were purified 
from the spleen of lethally irradiated (BexBALB/c)^ mice 30 weeks after 
infusion of (B6xdm2) F1 spleen cells, and used as putative suppressor cells. 

15 Varying numbers of DN T cells were added to the cultures. After 3 days luCi 
of [ 3 H]-TdR was added to each well, and the cells were harvested 18 hours 
later. Proliferation was measured using a Top Count (Packard) syntillation 
counter. 

Cytotoxicity assays. Target cell death resulting from co-culture with DN 
20 T cells was measured as previously reported (Zhang et al. (1996); Matzinger 
(1991)). Briefly, purified DN T cells were stimulated by irradiated allogeneic 
splenocytes for 2-3 days in the presence of 30U/ml IL-2 and 50U/ml IL-4. 
Viable cells were harvested and seeded into 96-well microtiter plates as 
effector cells. 1B2 + CD8 + target cells were stimulated with irradiated (20 Gy) 
25 (B6xBALB/c) F1 splenocytes for 2-3 days, and labeled with lOuCi/ml of [ 3 H] 
TdR at 37°C overnight and used as targets. Tumour target cells were labeled 
in the same manner as CD8 + T cells. After co-culture with the DN effector cells 
at 37°C for 18 hours (in the presence of fresh irradiated allogeneic splenocytes 
when CD8 + T cells were used as targets, and in the absence of fresh 
30 splenocytes when tumour cells were used as targets), the cells were harvested 
and counted in a beta syntillation counter. Specific cell lysis was calculated 
using the equation: % Specific killing = (S-E)/S x 100, where E (experimental) 
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is cpm of retained DNA in the presence of effector cells, and S (spontaneous) 

is cpm of retained DNA in the absence of effector cells. 

RESULTS 

1. Infusion of MHC class I L d -mismatched allogeneic splenocytes protect 
5 immuno deficient mice from developing lymphoma without causing GVHD. 

To study whether encounter with one class I alloantigen in vivo leads 
to tolerance of infused donor lymphocytes to the host rather than causing 
GVHD, non-irradiated or sublethally irradiated (2Gy) Scid F1 mice were 
injected intravenously with 4xl0 7 viable spleen cells from 2CF1 mice. In this 
10 system, the donors and the recipients were mismatched for only L d and the 
anti-Ld transgene can be detected by the monoclonal antibody 1B2. The 
expected immune response would be 1B2 + CD8 + cells from the lymphocyte 
donor reacting to L d expressed on the recipient mice. All the control C.B-17 
Scid mice injected with fully allogeneic B6 lymphocytes (n=5) developed an 

15 acute GVHD as evidenced by hunched posture, ruffled fur, sever diarrhoea, 
weight loss and died within 2 weeks after infusion of fully mismatched 
allogeneic lymphocytes. Histology study revealed typical acute GVHD (not 
shown). In contrast, none of the Scid^ mice (n=42) that received L d 
mismatched allogeneic lymphocytes lost weight (Fig. la, insert) or showed 

20 any clinical signs of GVHD. They remained healthy for the period of study 
(>150 days) (Fig. la). No difference was observed between irradiated and 
non-irradiated mice. 

Next, the inventors investigated whether the infused allogeneic 
lymphocytes that have developed tolerance to the host L d antigen can 

25 mediate an anti-lymphoma response in the recipients. Scid F1 mice were 
infused with a lethal dose of syngeneic A20 tumour cells, a cell line which 
initially arose spontaneously from BALB/c mouse (Kim et al. (1979)). One 
group of mice was injected with allogeneic 2C F1 lymphocytes together with 
A20 tumour cells, and the other group of mice was given the A20 infusion 

30 alone. Both groups of mice were monitored initially twice a week for 3 weeks 
and then daily for lethality. As shown in Fig. lb, aU the Scid F1 mice that were 
injected with tumour cells alone died of lymphoma between 28-42 days 
(median survival time 32 days, n=ll) after injection of tumour cells. Those 
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fhat died were autopsied and all were found to have lymphoma. The livers 
were greatly enlarged and diffusely infiltrated by tumour cells (Fig 2(i), left). 
Histopathologic studies revealed a very diffuse infiltration in the liver by 
large malignant tumour cells which completely replaced the normal liver 
5 structure (Fig. 2(ii)). Malignant cells were also found in the spleen and lymph 
nodes, but not in lung, heart or kidneys (not shown). In striking contrast, 11 
of 12 Scid F1 mice that received the same number of A20 tumour cells plus a 
single dose of L d -mismatched 2C F1 lymphocytes on the day of tumour cell 
inoculation remained healthy for the period of study (>150 days) (Fig lb). A 
10 normal histological appearance was observed in all the major organs that had 
been examined (Fig 2(i), right). Neither tumour infiltration nor GVHD was 
found in any organ of these animals (Fig 2(iii)). When the recipients were re- 
challenged with a lethal dose of A20 tumour cells at 60 days after initial 
infusion of A20 and donor cells, these mice remained tumour free for more 
15 than 100 days (not shown). Therefore, a profound anti-tumour ability had 
been established in immunodeficient mice without causing GVHD. These data 
clearly demonstrate that infusion of mature splenocytes mismatched for one 
class I antigen L d with recipients does not cause GVHD, yet can protect the 
recipient from dying of lymphoma. 
20 2. Infusion of L d -mismatched donor lymphocytes provoke GVL in the 
absence of GVHD in normal mice. 

The above observations are based on a transgenic-Scid model. This 
model, although very useful for monitoring the fate and functional properties 
of anti-host T cells and delineating mechanisms involved in GVHD and GVL, 
25 might not be representative of true pathophysiological responses. To 
validate the above findings in normal mice, lethally (8.5 Gy) irradiated 
(B6xBALB/c) F1 mice (D b/d , K b/d , L d ) were used as recipients, and (B6xdm2) F1 
mice (D b/d , K b/d , L dm2 ) were used as lymphocyte donors. In this setting, there 
is also only one MHC class I (L d ) mismatch between donor and recipient. 
30 This mimics the system used in the above studies but avoids using both 
transgenic and Scid mice. Lethally irradiated (B6xBALB/c) F1 mice were 
infused intravenously with a single dose (4xl0 7 /mouse) of viable splenic cells 
from sex-matched (B6xdm2) F1 mice or were irradiated without the infusion of 
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any cells (n=5) as controls. Additionally, (B6xBALB/c) F1 mice were 
reconstituted with semi-allogeneic B62C splenocytes as a positive control for 
GVHD. Survival and GVHD were monitored three times a week. All lethally 
irradiated (B6xBALB/c) F1 mice that were not given any treatment died within 
5 1 week after irradiation and the (B6xBALB/c) F1 mice that were reconstituted 
with semi-allogeneic B62C cells developed chronic GVHD (Figure 3b, top). 
All 8 mice infused with L d mismatched splenic cells from (B6xdm2) F1 mice 
survived over 180 days without weight loss or any clinical sign of GVHD (Fig 
3a), as seen in the transgenic-Scid model. Histology studies at various time 

10 points after infusion of allogeneic lymphocytes indicated no signs of GVHD in 
liver (Fig 3b, middle), skin and small intestine (not shown). 

Furthermore, the ability of normal mice to prevent the onset of 
leukemia was also evaluated. (B6xBALB/ c) F1 mice were irradiated and 
infused with 10 5 A20 syngeneic lymphoma cells together with L d mismatched 

15 (B6xdm2) F1 splenocytes. Control animals that were infused with A20 alone 
died between 5-6 weeks after infusion of A20 syngeneic lymphoma cells. In 
contrast, six of the 8 mice that were infused with both (B6xdm2) F1 spleen cells 
and A20 tumour cells enjoyed tumour-free survival for over 180 days. These 
animals showed no signs of GVHD or tumour burden (Fig. 3a, 3b middle). 

20 When normal (B6xBALB/c) F1 mice were infused with 2C F1 trangenic cells 
together with A20 lymphoma, the same results were observed. (Fig. 3b, 
bottom). Together, these findings in normal mice confirm the findings in the 
transgenic-Scid F1 model, and demonstrate that although infusion of fully or 
semi-allogeneic splenocytes results in GVHD in recipient animals, infusion of 

25 MHC class I L d -mismatched lymphocytes helps immune-incompetent animals 
to reject tumour without causing GVHD. 

4. 1B2 + DN T cells expand in vivo and can suppress proliferation of anti-host 
CD8 + T cells. 

In order to understand the mechanism by which donor T cells mount 
30 an effective anti-tumour response in the absence of GVHD, the inventors 
monitored the fate of infused donor T cells in recipient mice. Due to the lack 
of specific markers for the identification of donor T cells in the host in normal 
(non-transgenic) animals, the transgenic-Scid model was used. Scid F1 mice 
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were infused with 2C F1 splenocytes either alone or together with A20 tumour 
cells. At various time points after infusion, the spleen and lymph node cells 
were double stained for anti-host TCR (with 1B2-FITC) and CD8-PE and 
analyzed by flow cytometry. The total number of 1B2 + CD8 + and 1B2 + CD8" T 
5 cells were calculated. As shown in Figure 4a, a vigorous expansion followed 
by a massive depletion of anti-host 1B2+CD8+ cells was observed in the 
periphery of recipients (Zhang et al. (1996); Yu et al. (1999)). Interestingly, the 
number of 1B2+CD8- T cells steadily increased to >30 fold at 8 weeks after 
infusion. Since these mice have few (<5%) 1B2 + CD4 + T cells (Sha et al. (1988), 
10 this population is mostly 1B2T)N T cells. Unlike the 1B2 + CD8 + T cells, the 
1B2 + CD8" T cells remained elevated for the period of study (>120 days) (Fig. 
4a). Similar kinetic changes were observed in ScidFl mice infused with both 
2CF1 and A20 cells (Fig. 4b), and the increase in 1B2+CD8- cells was even 
more pronounced. 

15 To determine whether the in vivo expanded DN cells are involved in 

inhibiting anti-host response, at 30 weeks after infusion of anti-Ld cells, 
spleens were harvested from L d+ recipients and triple stained with CD3, CD8 
and CD4. CD3+CD4CD8- T cells were purified by FACS and their ability to 
suppress the proliferation of naive anti-host CD8 + T cells was measured in 
20 vitro. As shown in Fig. 4c, the purified splenic CD3 + DN T cells inhibit the 
proliferation of anti-L d CD8 + T cells in a dose-dependent manner, indicating 
that the in vivo expanded DN T cells can down-regulate anti-host responses 
mediated by CD8 + T cells. This finding, together with the kinetic studies 
shown in Fig. 4a and b suggest that infusion of L d -mismatched whole spleen 
cells leads to a selective expansion of DN T cells which prevents GVHD by 
suppressing anti-host CD8 + T cells. 

5. In vitro generated 1B2+DN Tr cells kill both anti-host T cells and 
lymphoma cells. 

Although the inventors have demonstrated that infusion of one MHC 
class I mismatched donor lymphocytes leads to an anti-tumour effect in the 
absence of GVHD, the availability of this type of donor in humans can be 
limited. To explore the possibility of using in vitro generated DN T cells for 
the treatment of lymphoma, the inventors generated a panel of L d -specific 
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1B2 + DN Tr cell lines from the spleen of 2C F1 mice. To elucidate the role of DN 
Tr cell lines in preventing GVHD, the 1B2 + DN T cell lines were used as 
effectors, and activated 1B2 + CD8 + anti-host T cells were used as targets. 
Activated HY-specific CD8 + T cells served as a 3rd-party control. The 
inventors demonstrate that 1B2T3N Tr cell lines can specifically kill activated 
syngeneic anti-L d CD8 + T cells in a dose dependant manner, but not CD8 + T 
cells that carry a different TCR specificity (Fig. 5a). This result is consistent 
with the inventors in vivo finding that 1B2+CD8+ T cells are eliminated from 
the periphery of recipient mice (Zhang (1996)) (Fig. 4), and that recipient mice 
do not develop GVHD. 

The finding that DN T cells increase more substantially in the spleen of 
reconstituted mice that were challenged with A20 lymphoma (Fig. 4a and b) 
suggests that these cells also have an anti-lymphoma capability. To study the 
ability of vitro activated DN T cell lines to kill tumour cells, 1B2 + DN T cells 
were used as effector cells, and their ability to kill either L d+ A20 tumour cells 
(antigen-specific), or BW5147 tumour cells (H-2 K+ , 3rd-party control) was 
determined by the JAM cytoxicity assay (Matzinger (1991)). As shown in Fig. 
5b, the 1B2 + DN T cells lysed L d+ A20 lymphomas in an antigen-specific and 
dose-dependant manner in contrast to a much lower cytotoxicity to BW5147 
cells. Collectively, these data indicate that 1B2 + DN T cells can function as a 
double-edged sward to kill both syngeneic anti-host CD8 + T cells and 
allogeneic lymphoma cells in vitro. 

6. In fusion of in vitro generated 1B2 + DN T cells prevent death caused by 
lymphoma without causing GVHD. 

The inventors have demonstrated that the majority of T cells in the 
reconstituted animals are 1B2+DN, and that 1B2+DN T cells lines can kill A20 
tumour cells. To determine whether infusion of in vitro activated allogeneic 
DN Tr cells alone can eliminate lymphoma cell in vivo without causing 
GVHD, (B6xBALB/c) F1 mice were co-injected with varying doses of 1B2 + DN 
Tr cell lines together with a lethal dose of A20 tumour cells. As shown in Fig. 
6a, all the mice that received A20 cells alone died of lymphoma between 32-38 
days. Interestingly, although injection of 2xl0 6 of DN Tr cells were not 
sufficient to prevent development of lymphoma, co-injection of 5xl0 6 of the 
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1B2 + DN Tr cells with a lethal dose of A20 lymphoma prevented 14 out 15 mice 
from developing lymphoma. These mice lived for over 150 days with no 
detectable clinical or histopathological signs of lymphoma or GVHD (Fig. 6b). 
These data demonstrate that a single injection of in vitro produced L d - 
5 mismatched DN Tr cells can effectively prevent death caused by lymphoma 
without inducing GVHD in the recipients, and suggest that the use of DN Tr 
cells may be a novel approach for the treatment of lymphoma and other 
cancers. 
DISCUSSION 

10 In this Example, the inventors demonstrate, in both transgenic and 

normal mice, that although infusion of fully or semi-allogeneic lymphocytes 
causes GVHD, injection of immunodeficient or lethally irradiated mice with 
one MHC class I L d -mismatched splenocytes does not result in clinical or 
pathological lesions of GVHD. More importantly, this treatment prevents the 

15 onset of lymphoma after being challenged with a lethal dose of tumour cells 
syngeneic to the host. In addition, the inventors also found that reconstituted 
irradiated (B6xDBA) F1 mice with spleen cells from (B6xdm2) F1 mice 
(mismatched for L d and multiple mHA with the recipients) resulted in 
indefinite GVHD free survival of the recipients (Young et al, in preperation), 

20 indicating that one MHC class I-mismatched donor lymphocytes can protect 
the development of GVHD caused by multiple mH mismatches. 

In this Example, the inventors only presented data obtained from L d - 
mismatched models. In a separate study the inventors found that infusion of 
B6 spleen cells into lethally irradiated B6 bml mice also resulted in more than 

25 150 days survival of the recipients without GVHD (not shown). Together, 
these findings suggest that the outcome of bone marrow transplantation may 
be more favourable if one MHC locus-mismatched donors are used, since it 
not only protects recipients from developing GVHD, but also enhances the 
GVL capability of the graft. Infusion of one MHC class II locus mismatched 

30 lymphocytes has also been shown to significant prolong donor-specific skin 
graft survival (van Twuyver et al. (1990)). 

The mechanism by which infusion of one MHC class I-mismatched 
donor lymphocytes leads to tolerance remains elusive. The inventors have 
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demonstrated that: 1) Infusion of L d -mismatched allogeneic lymphocytes 
leads to a selective activation and expansion of 1B2T3N Tr cells in the hosts 
(Fig. 4a and b). 2) A vigorous expansion followed by a massive apoptotic cell 
death occurred in the majority of activated anti-host 1B2 + CD8 + cells in the 
5 periphery of the recipients after injection of L d -mismatched spleen cells (Fig. 
4a). 3) When the recipient mice were given a second injection of naive 
1B2 + CD8 + T cells at 3 weeks after the first injection, no proliferation of the 
anti-host T cells could be detected, in contrast to the wave of proliferation 
seen 4-5 days after the first injection (Zhang et al. (1996)). 4) The in vivo 

10 expanded 1B2+DN T cells can suppress 1B2 + CD8 + T cell-mediated anti-host 
response in vitro (Fig. 4c) 4) In vitro generated 1B2 + DN T cell lines can 
specifically kill activated anti-host CD8 + T cells (Fig. 5a). Together, these 
results provide strong evidence to support the hypothesis that infusion of L d - 
mismatched lymphocytes preferentially activates DN Tr cells which in turn 

15 suppress the response mediated by anti-host CD8 + T cells and prevents the 
development of GVHD. 

Whether GVHD and GVL are mediated by the same or different 
subset of T cells remains controversial (Horowitz et al. (1990); van Lochem et 
al. (1992); Apperley et al. (1986); Prentice et al. (1984); Horowitz et al. (1990); 

20 Pan et al. (1999)). This issue is central to the question of whether the beneficial 
effects of GVL can be separated from GVHD. Evidence provided in this 
Example indicates that the cells that cause GVHD and promote GVL are 
distinct. Using 2C F1 transgenic mice as donors, which allows the inventors to 
specifically identify and monitor anti-host T cells in the recipients, the 

25 inventors demonstrate that more than 90% of the recipients that received L d - 
mismatched spleen cells gained anti-leukemia ability (Fig. lb). The majority of 
T cells in these reconstituted recipients are 1B2 + DN T cells (Fig. 4b). When 
challenged with a second lethal dose of A20 tumour cells alone at 60 days 
after the initial injection of 2C F1 and A20 cells, all the recipient mice survived 

30 tumour free for more than 100 days. Because at the time of the second 
tumour cell injection, most of the 1B2 + CD8 + T cells have been eliminated, and 
the majority of T cells in the recipients are 1B2 + DN T cells (Fig. 4b), it is 
reasonable to suggest that 1B2 + DN T cells are directly involved in eliminating 
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tumour cells. Furthermore, the inventors demonstrate that in vitro generated 
1B2 + DN T cells are able to specifically kill L d+ rumour cells in vitro, and that 
when infused together with a lethal dose of A20 lymphoma, the DN Tr cells 
are able to prevent leukemia onset and death of the recipients without 
5 causing GVHD (Fig. 6a). Together, these data demonstrate a direct role for 
DN Tr cells in eliminating allogeneic tumour cells, and suggest that anti-host 
and anti-tumour effects are mediated by different subsets of donor T cells. In 
addition, the inventors' findings also indicate the possibility of using in vitro 
generated DN Tr cells as a potential therapy for lymphoma, and perhaps 

10 other cancers either alone or in combination with a bone marrow transplant. 

How the same T cell could kill both allogeneic tumour cells and 
syngeneic anti-host T cells is an enigma. The inventors have shown 
previously that activated 1B2 + DN Tr cells express a high level of Fas ligand 
(Khan et al. (1999)). The inventors also demonstrated that 1B2 + DN Tr cells can 

15 acquire allo-MHC from antigen presenting cells and re-express the acquired 
allo-MHC on their own surface (Zhang et al. (2000)). Furthermore, the 
inventors have demonstrated that blocking either L d on DN Tr cells or TCR 
on CD8 + T cells abrogates DN Tr cell mediated cytotoxicity to CD8 + T cells 
(Zhang et al. (2000). Based on these findings, the inventors propose the 

20 following model to explain the dual role of DN Tr cells in preventing 
leukemia and GVHD (Fig. 7). Given that A20 cells constitutively express both 
L d and Fas (not shown), the anti-L d TCR on DN Tr cells could specifically 
recognize the L d expressed on the A20 cells. A subsequent ligation of Fas by 
Fas ligand on the DN Tr cells would deliver a death signal to the A20 tumour 

25 cells. This mechanism would explain the observed GVL effect mediated by 
anti-L d DN Tr cells. On the other hand, DN Tr cells could acquire L d through 
their anti-L d TCR from host antigen presenting cells. By expressing both L d 
and Fas ligand, DN Tr cells would be transformed into specific "killer antigen 
presenting cells". Once the TCR expressed on activated anti-host 1B2 + CD8 + 

30 cells recognize the L d expressed on the DN Tr cells, the latter will send death 
signals to the former through Fas- Fas ligand pathways. CD8 + T cells that 
carry a different TCR specificity, such as anti-HY T cells, will not recognize L d 
expressed on 1B2+DN T cells and will therefore not be killed. This model 
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explains how the DN Tr cell functions as a double-edged sword, able to kill 
both L d+ tumour cells and anti-host T cells without impairing the ability of 
donor derived T cells to respond to other antigens. 

Taken together, the present studies demonstrate that infusion of one 

5 MHC class I mismatched mature allogeneic lymphocytes leads to a selective 
expansion of DN Tr cells in the periphery of the recipients. The activated DN 
Tr cells have a dual function to kill both anti-host T cells and tumour cells, 
which results in a specific unresponsiveness to the host in vivo without 
impairing the immune responses to other antigen, including tumours. 

0 While the present invention has been described with reference to what 

are presently considered to be the preferred examples, it is to be understood 
that the invention is not limited to the disclosed examples. To the contrary, 
the invention is intended to cover various modifications and equivalent 
arrangements included within the spirit and scope of the appended claims. 

5 All publications, patents and patent applications are herein 

incorporated by reference in their entirety to the same extent as if each 
individual publication, patent or patent application was specifically and 
individually indicated to be incorporated by reference in its entirety. 
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